Highlights of Findings

Trends in Organochlorine Compounds
Of the 15 organochlorine compounds for which the sediment core was analyzed, only dieldrin, DDT, DDE, and polychlorinated biphenyls (PCBs) occurred at concentrations above their minimum reporting levels. Gamma-HCH (lindane), heptachlor, aldrin, heptachlor epoxide, endosulfan, DDD (another breakdown product of DDT), and mirex were not detected in any of the core samples at a minimum reporting level of 1.0 microgram per kilogram (µg/kg) (top core sample) and 0.5 µg/kg (all other samples). Methoxychlor was not detected at a minimum reporting level of 4.0 µg/kg (top core sample) and 2.0 µg/kg (all other samples). Chlordane and toxaphene, two of the legacy pollutants for which the Arroyo Colorado was placed on the 303(d) list, were not detected in any of the core samples at minimum reporting levels of 10 and 100 µg/kg, respectively (top core sample), and 5 and 50 µg/kg, respectively (all other samples).
Most of the total DDT (equal to the sum of DDT, DDE, and DDD) occurs in the form of DDE, the concentrations of which are 50 to 100 times that of parent DDT (table 1) . In general, concentrations of total DDT decrease in the part of the core assumed to represent undisturbed sedimentation from a high of 121 µg/kg deposited in the early 1990s to 51 µg/kg in the most recently deposited sediments ( fig. 2) . However, the concentration of DDE in the most recently deposited sediments (49 µg/kg) is about 60 percent higher than the Probable Effect Concentration (PEC), the concentration above which adverse effects on benthic biota are expected to occur; the PEC is a consensus-based sediment quality guideline developed by MacDonald and others (2000) . The elevated concentration of DDE in recently deposited sediments indicates that DDE is still present in the Arroyo Colorado at concentrations of environmental concern. The slight increasing trend in total DDT at the top of the core probably is related to any increase in organic carbon content, and thus the trend probably reflects partitioning rather than increased loading.
Concentrations of the two other organochlorine compounds detected in the core, dieldrin and PCBs, were below the Threshold Effect Concentration (TEC) in all cases (table 1). The TEC is the concentration below which
Collection and Age-Dating of the Sediment Core
To find as thick a sequence of undisturbed sediments as possible, the sediment core was collected from a protected arm of Llano Grande Lake, where scouring of sediment was assumed not to occur except in the case of very large floods. A 114-centimeter (cm)-long push core was obtained by pushing a plastic cylinder directly into the mud. The sediment was fairly homogeneous, with light brownishgray clay throughout the length of the core and some fine sand between the 80-and 90-cm depth.
The core was subsampled by pushing the sediment up through the plastic liner and slicing 4-to 6-cm-thick layers of sediment off the top (see photo below). Each sample was analyzed for cesium-137 ( 137 Cs), organochlorine compounds, major and trace elements, and organic carbon at the USGS National Water Quality Laboratory in Denver, Colo., using the published USGS methods cited:
137 Cs was measured by radioactive counting (Van Metre and others, 1998); organochlorine compounds were measured by dual capillary-column gas chromatography with electron capture detection (GC-ECD) (Foreman and others, 1995) ; major and trace elements were measured by inductivelycoupled plasma/mass spectrometry (ICP/MS) (Arbogast, 1996) ; and organic carbon was measured by combustion (Arbogast, 1996) . Grain size was not measured, but (unpublished) data from other coring studies by the authors indicate that it is typically in the silt-and clay-size range. Slicing a subsample from a core for laboratory analysis. adverse effects on benthic biota are not expected to occur (MacDonald and others, 2000) . This finding indicates that direct exposure to dieldrin and PCBs at this site probably does not pose a threat to the health of aquatic biota. PCBs were not detected in the upper 40 cm of sediments. Nationwide, concentrations of PCBs in lake and reservoir sediments generally peaked in the mid-to late1960s, then decreased following restrictions on PCB use imposed in 1971 others, 1997, 1998) . The lack of detection of PCBs in the upper part of the Llano Grande core is consistent with the hypothesis that the upper part of the core represents sediments deposited after the 1970s.
Trends in Major and Trace Elements
Concentrations of major elements (table 1) , an indication of the mineralogic origin of the sediment, are fairly constant from a depth of about 93 cm to the top of the core. From the bottom of the core to about 93 cm, concentrations of aluminum and titanium increase, and concentrations of calcium decrease, suggesting an increase in clay content.
There is no evidence in the core that trace elements in sediments in Llano Grande Lake are likely to cause adverse effects to benthic biota, according to the consensus-based sediment quality guidelines (MacDonald and others, 2000) (table 1). Concentrations of trace elements at the top of the core are below the TEC. Concentrations of most trace elements decrease at the bottom of the core, coincident with decreased clay content as represented by aluminum. This concentration decrease probably is because many trace elements tend to be associated with the clay minerals in sediment.
Trends in lead concentrations are consistent with the assumption of undisturbed deposition of the upper part of the core since 1989. Concentrations of lead, when normalized to aluminum concentrations to account for differences in clay content down the core, decrease from 62 cm to the top of the core ( fig. 2) . This is consistent with the decreasing trends in lead in numerous other reservoir cores that were caused by the elimination of lead in gasoline in the 1970s . The lack of a sharp lead peak supports the hypothesis that these sediments were deposited after the 1970s.
Conclusions and Implications
Information on contaminants associated with sediments from the Arroyo Colorado since 1989 can be reconstructed from a sediment core collected from Llano Grande Lake. Major floods that moved and redeposited sediments prevented obtaining an undisturbed sequence of sediments that represents deposition earlier than 1989. Analyses of discrete intervals within the sediment core indicate that two of the legacy pollutants of interest in the Arroyo Colorado, chlordane and toxaphene, are not detectable in sediments deposited at the coring site after 1989. Concentrations of a third legacy pollutant, DDE, have decreased by more than one-half since the early 1990s. Concentrations of DDE in the most recently deposited sediments, however, still exceed concentrations thought to be toxic to benthic biota by a factor of about 1.5. Other organochlorine compounds analyzed occurred at extremely low concentrations (dieldrin), occurred only in older sediments (PCBs), or were not detected.
Trace elements occurred in a range of concentrations at which adverse effects on benthic biota are not expected. Some chromium concentrations only slightly exceed the upper level of this range and were less than one-half the concentration above which adverse effects on benthic biota are expected to occur.
